Background: Takotsubo syndrome (TTS) is a peculiar clinical condition often
resembling an acute coronary syndrome and mostly affecting postmenopausal women. We sought to describe the prevalence of acute kidney injury and acute renal failure in TTS patients during index event and assess the usefulness of speckle tracking echocardiography in predicting subjects at risk of developing acute kidney insult.
Methods:
We conducted a retrospective descriptive study reviewing study with the discharge diagnosis of TTS between 2003-2016 at our Institution. One hundred and two patients met the Modified Mayo Clinic. Acute kidney injury (AKI) was defined as an increment of serum creatinine 2 times greater than baseline and/or at least 50% reduction in baseline eGFR. Acute renal failure (ARF) was defined as an increment of serum creatinine 3 times greater than baseline and/or at least 75% reduction in baseline eGFR as per RIFLE Classification.
Results: AKI/ARF patients had longer length of stay (24 vs 10 days, P = 0.02), had higher mean peak troponin (16.7 ng/mL vs 3.2, P < 0.05) and later peak creatinine day (10 vs 3, P < 0.05). LV Longitudinal strain in the basal segment and apex upon admission was significantly worse in the AKI/ARF group (−4.7 and −6.5, respectively, vs −8.6 and −9.1 in the non-AKI/ARF group, P < 0.05).
Conclusions:
One in every 10 TTS patients may develop AKI/ARF during the acute episode. Segmental longitudinal strain by speckle tracking may have important prognostic value in identifying TTS patients at risk of developing AKI/ARF.
[Correction added on November 12, 2018, after first online publication: Third author's first name was changed from "Akanshka" to "Akanksha".] 2 | ME THODS
| Study population
We conducted a retrospective descriptive study reviewing patients with the discharge diagnosis of TTS between 2003-2016 at our Institution. One hundred and two patients met the Modified Mayo Clinic criteria. 4, 5 Takotsubo syndrome subjects were diagnosed if they meet the following criteria:
1. Transient hypokinesis, akinesis, or dyskinesis of the left ventricular mid segments with or without apical involvement; the regional wall-motion abnormalities extend beyond a single epicardial vascular distribution; a stressful trigger is often, but not always present.
2.
Absence of obstructive coronary disease or angiographic evidence of acute plaque rupture.
3.
New electrocardiographic abnormalities (either ST-segment elevation and/or T-wave inversion) or modest elevation in cardiac troponin.
Patients with myocarditis or obstructive coronary artery disease in the same territory of the regional wall motion were excluded.
Acute kidney injury (AKI) was defined as an increment of serum creatinine 2 times greater than baseline and/or at least 50% reduction in baseline eGFR. Acute renal failure (ARF) was defined as an increment of serum creatinine 3 times greater than baseline and/or at least 75% reduction in baseline eGFR as per RIFLE Classification. 6 
| Echocardiography
Two-dimensional speckle tracking (2D) echocardiography is relatively novel tool for quantitative assessment of myocardial function. It has been used in different clinical scenarios such as detecting early left ventricle (LV) systolic impairment in patients undergoing chemotherapy even before clinical symptoms become apparent. [5] [6] [7] It is based on tracking the movement of stable acoustic patterns (speckles) within the myocardium frame-by-frame throughout the cardiac cycle.
7-9
Initial echocardiography was performed within 48 hours of diagnosis and during follow-up in all patients. Two-dimensional strain analysis was performed offline using a 2D strain imaging software (TomTec Imaging Systems, Unterschleissheim, Germany).
Left ventricular GLS was assessed from two apical views: apical two-chamber and apical four-chamber. The endocardial borders were traced at the end-systolic frame of the 2D images.
The software then automatically tracked myocardial motion, dividing each image into seven individual segments: basal-septal (BS); mid-septal (MS), apical-septal (AS), apex, basal-lateral (BL), midlateral (ML), and apical-lateral (AL).
For LV deformation, GLS was calculated as the average LV longitudinal strain across the segments obtained using apical twochamber and apical four-chamber views.
| Statistical analysis
Values are presented as number and percentages or mean ± standard deviation (SD) in categorical and quantitative variables, respectively.
Chi-square and the Student's t test were used to assess statistical differences in categorical and continuous variables, respectively. A two-tailed P < 0.05 was considered statistical significant. All analyses were performed employing SPSS v 22.0, Chicago, IL, USA. Using a multiple logistic model, we sought to determine independent predictors of MACE and in-hospital all-cause mortality.
| RE SULTS
A total of 91 patients did not develop AKI/ARF whereas 11 met the diagnostic criteria. (Table 1 had lower initial LV ejection fraction (27.1% ± 2% vs 32.9% ± %,
AKI/ARF patients had longer length of stay (24 vs 10 days, P = 0.02), had higher mean peak troponin (16.7 ng/mL vs 3.2, P < 0.05) and later peak creatinine day (10 vs 3, P < 0.05).
AKI/ARF patients had a higher mean peak creatinine (4.4 vs 1.6 mg/dL, P < 0.05) and lower mean peak eGFR (19.8 vs 65.6 mL/ min/1.73 m 2 P < 0.05). There was no significant difference in initial eGFR in both groups (76 vs 74 mL/min/1.73 m 2 , P = 0.8).
LV Longitudinal strain in the basal segment and apex upon admission was significantly worse in the AKI/ARF group (−4.7 and −6.5, respectively, vs −8.6 and −9.1 in the non-AKI/ARF group, P < 0.05).
| D ISCUSS I ON
Our study has shown that 1 in every 10 TTS patients may develop AKI/ARF during the acute episode and that LV longitudinal strain in the basal segments and apex upon admission were significantly worse in the AKI/ARF group.
TTS is a form of acute systolic cardiomyopathy, usually reversible, mimicking myocardial infarction but in the absence of epicardial obstructive coronary artery disease. It usually resolves within several weeks/months, however, during the acute episode may pose an important risk for the patient since it is associated with acute systolic LV dysfunction, low cardiac output state and end organ damage such as kidney dysfunction. Several subtypes of TTS have been described being the apical ballooning the most frequent one: basal hypercontractility of the LV associated with significant anterior wall hypokinesis/akinesis. 8 AKI/ARF subgroup was related to longer hospitalizations, greater inpatient mortality and higher peak troponin levels. Despite not being statistically significant patient with acute kidney dysfunction had, as expected, higher incidence of inpatient heart failure.
Chronic kidney disease (CKD) is considered an independent
risk factor for the development of coronary artery disease (CAD).
Patients with renal dysfunction are at significantly higher risk of developing of CAD than those without CKD. Moreover, in patients with known cardiovascular disease such as myocardial disease and congestive heart failure, the risk of adverse outcomes is inversely related with eGFR, and therefore, it is not surprising that worse inpatient outcomes were observed in the AKI/ARF group. It is widely accepted that cathecolamines are involved in the pathogenesis of TTS and since increased levels of catecholamines have been detected in end-stage renal disease patients on hemodialysis it is possible that these spikes may play an important role. 12 Lyon et al 13 have shown that high levels of circulating epinephrine can induce a switch from β2-adrenergic receptor Gs coupling to β2-adrenergic receptor Gi coupling which could limit the induction of apoptotic pathways but leading to a negative inotropic response.
In the same study, 13 the authors report a potential apical-basal β2-adrenergic receptor gradient favoring the apex. 13 In animal studies, the highest the density of beta-adrenergic receptors has been found in the left ventricular free wall and the lowest density in the interventricular septum and right ventricle.
14
The best approach to prove this theory in humans would be direct measurement of beta-adrenergic receptor density in tissue samples obtained from different areas of a normal human ventricle;
however, collecting these samples from normal subjects would be challenging and likely unethical. important to mention that we use the maximum allowable contrast dose in adults formula in our cases (MACD calculator). 15 This formula guides the interventional cardiologist providing the maximum amount of contrast that can be used, and therefore, decreases the risk of contrasted induced nephropathy. Initial eGFR was similar in both groups, none of these patients underwent percutaneous coronary intervention (which commonly increases the amount of contrast exposure) and creatinine/eGFR peaked around day 10 (vs 48-72 hours commonly observed in CIN). Based on these findings, we believe that CIN was probably not an important discriminatory factor. All our TTS subjects were started or continued aspirin. No other anti-inflammatory medications were started and/or continued in the vast majority of our patients since they were being treated for a presumed acute coronary syndrome, and therefore, bleeding risk was a concern. For that reason, we believe it is unlikely that NSAIDs use was a discriminatory factor. We had a total of 70 patients on ACE inhibitors/ARB. Among patients who were on ACE inhibitors/ARB the prevalence of AKI/ARF was 10% (7 patients) and among the patients who were not on ACE inhibitors/ARB the prevalence of AKI/ARF was 12.5% (4 patients), ACE inhibitors/ARB use was not associated with development of AKI/ARF. The assessment of volume status was performed by clinical exam and laboratory data.
The lack of an objective measurement of the volume status prior and after cardiac catheterization is a limitation of our study. Intravenous IV fluids have been administered to patients deemed dehydrated before left heart catheterization. Since we did not find any significant difference between both study groups regarding the abovementioned univariate analysis we did not perform multivariate analysis. LV longitudinal strain in the basal segments and apex upon admission was significantly worse in the AKI/ARF group; therefore, we believe that our results support a strong association between segmental longitudinal strain and risk of developing AKI/ARF Nowadays most TTS patients have an echocardiogram performed within hours of admission. Global and segmental longitudinal strain by speckle tracking can be performed offline which is quite useful since it does not delay patient care. 
| CON CLUS IONS
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